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Abstract

The potential effects of climate change on temperature and precipitation at
Department of Defense (DoD) installations are far ranging, and
understanding their impacts is essential to maintaining optimal force
stationing and readiness. This model attempts to predict changes in daily
and monthly average temperature and precipitation for several scenarios
from future climate projections for various DoD installations.

This document describes the process of executing the Temperature and
Precipitation Projections Model, as it exists at the time of this publication,
within the common computational environment established under the
software integration effort of the Integrated Climate Assessment for Army
Enterprise Planning work package.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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1.1

1.2

Introduction

Background

The Temperature and Precipitation Projections Model attempts to predict
the effects of climate change on temperature and precipitation at various
Department of Defense (DoD) installations. Many different methods for
modeling climate change have been created and tested over the years.
Under the World Climate Research Programme (WCRP), the Working
Group on Coupled Modelling (WGCM) established the Coupled Model
Intercomparison Project (CMIP) as a standard experimental protocol for
studying the output of coupled atmosphere-ocean general circulation
models (AOGCMs). The CMIP facilitates assessment of the strengths and
weaknesses of climate models which can enhance and focus the
development of future models. For example, if the models indicate a wide
range of values either regionally or globally, then scientists may be able to
determine the cause(s) of this uncertainty. CMIP5 (formally the Coupled
Model Intercomparison Project Phase 5) is the most current and extensive
of the CMIPs.

Objective

The objectives of CMIP5 are to:

« Evaluate how realistic the models are in simulating the recent past

« Provide projections of future climate change on two time scales, near
term (out to about 2035) and long term (out to 2100)

« Understand some of the factors responsible for differences in model
projections, including quantifying some key feedbacks such as those
involving clouds and the carbon cycle.

The Temperature and Precipitation Projections Model parses CMIP5 data
that is stored in Network Common Data Format (NetCDF) files. NetCDF is
a machine-independent data format that is often used for the sharing of
array-oriented scientific data such as that produced during the CMIP5
study. Temperature and precipitation data is extracted by the model for a
series of DoD installations, and output into the standard comma separated
values (CSV) format. The exported values represent daily and monthly
temperature and precipitation projections into the future broken into
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10-year increments starting at the year 2020 and going up to the year
2100. Monthly data is further processed into average values for each
month within a 10-year epoch and also averages for the entire epoch.

Requirements

Software requirements for the Temperature and Precipitation Projections
Model include the R Studio development environment, a basic text editor
such as MS Notepad®, and MS Excel ® version 2013 or higher.

A working knowledge of Microsoft Office products is recommended as well
as a basic understanding of editing file paths in a text file and executing R
code within the R Studio environment.

Hardware requirements for this model are substantial. A minimum of nine
processor cores (eight required for script) are required to execute the code.
Memory minimum requirements are 64 gigabytes (GB) of random access
memory (RAM) and 5 terabytes (TB) of hard disk storage space (local or
network).
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2 Viewing Computed Data

Pre-built dataset viewing is available to end users by accessing the model
from within the Wizard application. The Wizard is accessible from the
Integrated Climate Assessment for Army Enterprise Planning VM by
clicking the shortcut located on the desktop (Figures 1—3).

Figure 1. Wizard application shortcut.
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Figure 2. Temperature and Precipitation Projections Model icon.
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Figure 3. Temperature and Precipitation Projections Model first screen.

Forecasted Temperature and Precipitation

o Forecasted Temperature and Precipitation

Description

This model contains predicted monthly minimum, maximum, and averaged temperature, and
average precipitation across 10-year epachs for selected CMIP5 GCM model/RCP combinations for
all installations.

Utility

This is the foundational information regarding installation specific climate forecasts.

Click the Next button to proceed.

The second screen within the model (Figure 4) allows the end user to view
the datasets in graphical or tabular mode. Choose the desired view type
from the View drop down combo box. Options within this box are Graphs
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and Tabular. Graphs displays the data as standard line graphs while
Tabular displays the data in a table layout within an MS Excel ®
spreadsheet.

Figure 4. Temperature and Precipitation Projections Model second screen.
O cC Wizard - o IEH

P Fom ~ C
Forecasted Temperature and Precipitation - o IEl

Predicted temperature and precipitation values are available for several GCMs (Global Climate Models).

Two data view types are also available. You may view the raw temp and precip values in tablular form, or
you may view the data on a series of graphs.

Please choose a View type below first, then choose a Model type.

View v )
A View Data
GCM v

Documentation for this model has been prepared in PDF format. Click the button below to view the

documentation.
,}t; View Documentation
pdf

New climate data may be processed as well. Click next to start this process.

Back

Maintenance Balance Days

Next, choose a General Circulation Model (GCM) and Representative
Concentration Pathway (RCP) type from the drop down combo box to
filter only data related to that GCM/RCP (Figure 4). At the time of this
publication, there are ten GCMs within the dataset for this model. RCP
2.6, 4.5, and 8.5 were chosen to represent lower bound, middle, and upper
bounds for each GCM. Each GCM contains these RCPs, with the exception
of CNRM-CM-5 and GFDL-CM3.

Once both of the choices are made, click the View Data button to launch
the chart viewer window (Figure 5).
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Chart Viewer
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Figure 5. Results in the chart viewer window.

Teperature and Precipitation Projections at Camp Ashland
GCM CanESM2_rcp26

Ml ~vaPrecipitation
M Ava Surface Temp
I ~va Max Surface Temp!

Ml ~vq MinSurface Temp
2040-2050
Il ~vg Precipitation : 2.53841063273543
I Avg Surface Temp : 12.3207915118246
Il Avg Max Surface Temp : 18.8177969538127
I ~vg Min Surface Temp : 5.7657884693507 ‘ ‘

2030-2040 2040-2050 2050-2060 2060-2070 2070-2080 2080-20%0
Time

Camp Ashland 3 Compare Save Image Close

temp values are charted on the Y—axis, and 10-year epochs are charted on

the X—axis (Figure 5). The user can change the charted values by choosing a

different geographical location from the drop down combo box near the
bottom left of the window. Upon selecting a location, the data will auto-
matically filter to include only those values found within the chosen area.

Users may also limit the variables that are charted. Clicking the Compare

button near the bottom right of the window brings up a dialog where
variables may be shown or hidden from the chart (Figure 6).

Figure 6. Chart comparison filter.

Choose E3

w| Avg Precipitation
w| Avg Surface Temperature
v| Avg Maximum Surface Temperature

v| Avg Minimum Surface Temperature

OK
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Charts may be saved to the user’s computer by clicking the Save Image
button near the bottom right of the window (Figure 5). The resulting file is
saved to a location of the user’s choosing in the universal Joint
Photographic Experts Group (JPEG) image file format.
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3 Building New Data

Building new datasets is accomplished within the VM by running an R
Script from the R Studio development environment. The following
instructions should be followed carefully to produce new data from this
model.

The R Studio development environment is pre-installed inside the VM,
and may be launched automatically from the Wizard application or
accessed from the Windows Start menu (Figure 7 and Figure 8).

Figure 7. Launch R Studio from the third model screen within the Wizard.
Forecasted Temperature and Precipitation - o IE3

Climate data should be downloaded from the Bureau of Reclamation website at the following URL.
http://gdo-dcp.uclinl.org/downscaled_cmip_projections/decpinterface. html.

These data files are in NetCDF format and are very large. The computations are performed with the R
programming language, and due to size of the input data the operation can take a very long time.
Typical runs can exceed 24 hours to complete.

The process includes multiple steps which require user interaction. Unfortunately, the process is not

automated. You may launch the R Studio environment automatically by clicking the button below.
Instructions on how to proceed are also available by clicking the documentation button.

@ Launch R Studio
}Q View Documentation
pdf

Back.
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Figure 8. R Studio development environment

File Edit Code View Plots Session Build Debug Tools Help
- - 2 8~ Addins ~ & Project: (None) ~
@ ClimateData_Processing_V3c.R @) Output_Biodlim.R (]| Envionment History =0

a Oseurceonsave | Q A~ i) = Run | (5% [ 9 Source - <4 [ | L2 mport Datasets | 3 Listv | (&
1 ### Climate Data Processing V3 ~ | @ Global Environment~
2 ### This script takes raster GM data
3 ### and extracts values for provided polygons I “
4 ### V1 was not parallelized ©nan. df 3930 obs. of 8 variables @
5 ### v3 adds support for flexible time periods and buffers values
6 ### Around years. "
7 oca List of 3
8 Tibrary(tools) © comm Formal class RasterLayer
9 Tlibrary(gdata) h "z Mvodel .
10 THorary(raster) com. pat! Z: /Models/Manuever -ar ea-Capacity/natgap_nvcl /natga.
11 library(ncdf4) dir “Z:/Models/Manuever -Area-Capacity/BC1im_GCM_Mean™
12 Tibrary(rgdal) De Formal class Extent
13 Tibrary(rgeos) exclude NULL Cempty)
14 Tibrary(plyr) Files chr [1:334) "Z:\\Models\\Manuever -Area-Capacity\\BC
15 Tibrary(openxlsx) : i pacity: \BC
16 Tibrary(parallel’ group chr [1:334] "bcc-csmi-1_historical_riilpl_Pre-2005".
7 library(foreach) include “riilp1” .
18 Tlibrary(doparallel) ### needed for parallel processing - — -
19 Tibrary(lubridate) ### manipulate dates ¥ | Fs | Plats | Packages | Help || Vicwer -1
20 < >
1| (fop Level = Rsapt < | Ohinstan | @ upaate 5
Name Description Versian
Console | Markers *
=8 ueer Library Q
= O eed s of Qverdispersed Data
R version 3.3.0 (2016-05-03) -- "supposedly Educational” 0 dismo Species Distribution Modeling
copyright (c) 2016 The R Foundation for statistical computing [0 doParallel Foreach Parallel Adaptor for the ‘parallel Package
platform: x86_64-w64-mingw32/x64 (64-bity
[0 doSNOW Foreach Parallel Adaptor for the 'snow’ Package
R is free software and comes with ABSOLUTELY NO WARRANTY. O foresch Provides Foreach Looping Construct for R
vou are welcome to redistribute it under certain conditions. B R B
Type 'Ticense()’ or 'licence()' for distribution details. [ gdalutils Wrappers for the Geospatial Data Abstraction Library 2017
(GDAL) Utilities
r is a collaborative project with many contributors. [0 gdata Various R Programming Tools for Data Manipulation
Type ‘contributors()’ for more information and . O geools Various R Programming Tools
citation()” on how to cite R or R packages in publications.
O iterators Provides terator Construct for R
Type 'demo()' for some demos, 'help()’ for on-line help, or [0 lubridate Make Dealing with Dates a Little Easier
help.start()" for an HTML browser interface to help.
Type 'q0)" to quit R. [0 magritr A Forward-Pipe Operator for R 1
[0 maptools Tools for Reading and Handling Spatial Objects
[workspace loaded from ~/.RDatal :
[0 ncdid Interface to Unidata netCDF (Version 4 or Earlier) Format 115
Loading required package: raster Data Files
Loading required package: sp [0 opends: Read, Write and Edit XLSX Files
=1 O e Tools for Splitting, Applying and Combining Data
[ Rmethodss3 53 Methods Simplified
.00 R Object-Oriented Programming with or without References
R R Object-Oriented P h o without Ref
O Rutils Various Programming Utilties
raster Geographic Data Analysis and Modeling .

To run a script in R Studio, use the Code menu at the top. Choose Run
Region->Run All (Figure 9).
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Figure 9. Use the code menu to run a script.
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437 -~ #### Compare monthly and monthly derived from daily ####

After opening R Studio, the appropriate R script should be loaded
automatically. If it is not, open the R script by selecting File->0Open
File and browse to the file C:\Models\Temp-Precip-
Projections\Model\ ClimateData Processing V3.R.Once the
file is loaded, review the following lines to ensure the script performs the
proper actions.

« Lines 72, 118, 217, 261. These lines are function declarations where the
inputs to those functions are defined. The last function variable for
each of them is daily. This variable must be set to either TRUE or
FALSE depending on which type is desired. For example, “daily =
TRUE” means daily values will be computed, and vice-versa.

» Lines 379—381. These lines define the input directories for the monthly

and daily NetCDF files. BCSD indicates monthly data, and BCCA

indicates daily data. Uncomment the appropriate line depending on the

action required by removing the # symbol and placing it in front of the
previous action.
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» Line 383. Three RCPs were chosen to represent the upper, middle, and
lower bounds. If additional RCPs are required, add them to the list.

« Lines 387—388. These lines define the output directories for the
monthly and daily calculated results. Comment out the appropriate line
using the same # symbol method mentioned previously.

« Lines 396—400. These lines execute the functions that format the
outputs in CSV format. Although all three can run at the same time, it is
safer to run one at a time. That way errors can be caught without having
to wait until all functions complete. Uncomment one line at a time by
removing the # symbol, execute the script, then replace the # symbol
and repeat for the other lines. Line 400 is a variant of function on line
399 and should not be used unless the function on line 399 fails.

» Lines 410—411. These lines define the output directory for the
summarization function that formats the CSV output. Comment /
uncomment them if processing daily or monthly values as described in
previous steps, then uncomment line 418 and run the R script. Make

sure to comment previous function calls on lines 396—400 to prevent

running them again.
» Lines 425—426. These lines define the output directory for the

concatenation function that further formats the CSV output.
Comment/uncomment them if processing daily or monthly values as
described in previous steps, then uncomment line 430 and run the R

script. Make sure to comment previous function calls on lines 396—400
and line 418 to prevent running them again.

Output from this model is in the form of CSV files, one for each GCM/RCP
combination. Note that this process can be rather lengthy, depending on
the number of GCMs that are being processed. It is not unusual for the
script to run for several hours.

After running the R script, another post processing script must be run.
Locate the EXE file in the model folder within VM. (C: \Models\Temp-
Precip-Projections\Model\DataFixer.exe). Set the input and
output paths by clicking the Change buttons. Ensure that the output folder
that’s entered exists before starting the process. Finally, click Fix It to
process the data (Figure 10).
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Figure 10. Data Fixer tool.

Data Fixer

This toaol "fixes" the data for the temp and precip model.

Input Folder |C:"-.I'v'lodeIs"'-.Temp-PrecilJ-Projections"-_OLrtDLrt"'-.Monthh'"'-.CDncatenated | Change

QOutput Folder | CAModels' Temp-Precip-Projections Output \Monthly\Concatenated* Avg | Change

** Make sure you create this folder f it doesnt already exist!

Fix It

Post processing the data is fairly quick. It should not take more than a
couple of minutes to complete. After this step, the data is ready to be
viewed within the Wizard application. The post processing app source
code is located at C: \Models\VS Projects\DataFixerTempPrecip.
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4 Known Issues and Limitations

Building new data with this model can be a very lengthy process.
Depending on the number of GCMs being processed, it is not unusual for
the R script to take several hours complete, even on very powerful, modern
computers.

Significant hardware specifications are required to run this model. Typical
desktop computers will not meet these requirements. A minimum of nine
processor cores (eight required for script) are required to execute the code.
Memory minimum requirements are 64GB of RAM and 5TB of hard disk
storage space (local or network).
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5 Additional Help

Additional questions or concerns should be directed to the Program
Manager of the Integrated Climate Assessment for Army Enterprise
Planning program.

Paul M. Loechl
ERDC-CERL

Paul.M.Loechl@usace.army.mil

217-373-5892

Marty Garton
ERDC-ITL

Byron.m.garton@usace.army.mil

601-634-2888



mailto:Paul.M.Loechl@usace.army.mil
mailto:Byron.m.garton@usace.army.mil

ERDC/ITL SR-19-13

15

Reference

Garton, B. M. 2019. Analytical Model Software Integration Methods. Special Report on
Integrated Climate Assessment for Army Enterprise Planning. ERDC/ITL SR-19-
4. Vicksburg, MS: Engineer Research and Development Center, Information
Technology Laboratory (ERDC-ITL)



ERDC/ITL SR-19-13

16

Appendix A: Acronyms and Abbreviations

Term

AOGCMs

CMIP

CSv

DoD

ERDC

ERDC-CERL

ERDC-ITL

GB

GCM

JPEG

MVA

NetCDF

NSN

OMB

PM

RAM

RCP

Definition

Atmosphere-Ocean General Circulation Models
Coupled Model Intercomparison Project
Comma Separated Values

Department of Defense

Engineer Research and Development Center

Engineer Research and Development Center-
Construction Engineering Research Laboratory

Engineer Research and Development Center-
Information Technology Laboratory

Giga Bytes

Global Circulation Model

Joint Photographic Experts Group
Military Value Analysis

Network Common Data Format
National Supply Number

Office of Management and Budget
Program Manager

Random Access Memory

Representative Concentration Pathway
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SAR

SF

TB

WCRP

WGCM

Same As Report

Standard Form

Tera Bytes

Virtual Machine

World Climate Research Program

Working Group on Coupled Modelling
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